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The value of a gold mine is shown to be a function of the return on 
gold, production costs, the level of gold reserves, and the proportion of 
assets unrelated to gold price risk. Assuming that forward gold prices are 
the market’s unbiased expectations of future spot prices, a model is 
derived that estimates the theoretical gold price elasticity of gold mining 
stock. The model shows that if a company’s primary business is gold 
mining, the gold price elasticity of the company’s stock is greater than 
one. Using monthly data over the ten year period 1981 through 1990, the 
model is tested for a sample of 23 publicly traded gold mining companies. 


Gold continues to be a popular investment. Many investment advisors routinely 
suggest that investors keep from 10% to 25% of their long term investment portfolio 
in gold bullion and gold related investments. Because of transaction costs associated 
with purchasing gold bullion and gold coins, gold mining stocks have become 
popular with investors who want to include a moderate amount of gold price risk in 
their portfolio while incurring low transaction costs. 

An investor who invests in gold mining stock is concerned with the extent to 
which changes in gold price are reflected in the returns of the mining stock. The 
financial literature is divided on the question. Some analysts argue that mining stock 
represent a levered investment in gold price and that percentage changes in the value 
of the mining stock will be greater than the percentage change in the value of gold 
(Rolo, 1975; Ozanian, 1987; Schiffres, 1987; Panchapakesan, 1993). Others argue 
that gold mining stocks incorporate other risks that are uncorrelated with the price 
of gold. For example, Khoury (1984) argues that unstable dividends, political risks, 
currency exchange risks, and business risks such as those related to changes in 
market conditions and mining technology, disrupt the influence of gold price risk 


Direct all correspondence to: Laurence E. Blose, University of North Carolina, Department of Finance and 
Business Law, Charlotte, NC 28213. 


Copyright © 1995 by JAI Press, Inc. 1058-3300 


125 


126 BLOSE and SHIEH 


in the returns of the securities. He points out that in bull markets, the appreciation 
potential of gold stock is not as high as that of gold bullion and coins. Rock (1988) 
asserts that “. . . mining stocks and the funds that invest in them are probably the 
worst way to buy gold” because of the non-gold price related risk associated with 
the mining stocks. Oechsle (1976), and Train (1978) also argue that gold stocks are 
not good alternative for investing in gold. This issue is explored. 

The next section of this paper contains a review of the literature regarding the 
economics of exhaustible resources with particular attention given to gold mining. 
A model is then presented that explicitly describes the influence of gold price on 
the returns of gold mining stocks. The model demonstrates that the sensitivity of 
the value of the mine with respect to the price of gold depends upon the size of the 
gold reserves, the production costs of the mine, the value of firm assets unrelated to 
mining, and the level of gold prices. The model shows that if a company’s primary 
business is gold mining, the gold price elasticity of the company’s stock will be 
greater than one. Next, empirical tests of the model are conducted and we then 
summarize our results. 


Literature Review 


There has been substantial interest in the role of gold as an investment. 
Numerous articles in both the academic literature and the financial press have 
examined the efficiency of the gold market. Aggarwal and Soenen (1988) find that 
the gold market is weak-form efficient but that it exhibits an abnormal distribution 
of returns. Tschoegl (1980) also tested for weak-form efficiency іп the gold market 
and found a weak short term dependence in price changes. Salent and Henderson 
(1978) examine the effects of anticipations of government sales policies on the real 
price of gold. Carter, Affleck-Graves and Money (1982), Jaffe (1989), and Chua, 
Sick and Woodward (1990) examine the extent to which gold and gold related assets 
offer diversification opportunities superior to equity investments. 

The economics of exhaustible resources was examined in a path breaking article 
by Hotelling (1931) in which he derived the “Hotelling rule” which states that the 
price of an exhaustible resource must grow at rate equal to the rate of interest. The 
energy shortages of the 1970’s spawned a revitalized interest in the topic. For 
example Hoel (1978), Gilbert (1979), and Heal (1979) all consider the effect of 
uncertainty in the level of reserves, Dasgupta and Heal (1974) examine the effects 
uncertainty of demand, and Pindyck (1980) modeled several different types of 
uncertainty by using continuous-time stochastic processes. A model that includes 
the value of the option to exploit a resource was presented by Brennan and Schwartz 
(1985). Empirical tests of the implications of the various forms of Hotelling’s rule 
have been published by Farrow (1985) and Miller and Upton (1985a, b). Marsh 
(1983) in an examination of a hypothesis by Keynes (1936) derived and tested a 
model that shows that the short run elasticity of grade with respect to gold price in 
South African production is negative. This curious result comes about because of 
South African regulation that requires that the mine adjust production to “mine to 
the average grade.” 
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This article confirms and extends the work done by McDonald and Solnick 
(1977). Using quarterly data through June 1975, McDonald and Solnick examine 
the extent to which 26 South African and 10 American mining companies’ stock 
returns are affected by changes in the price of gold. When they regress the quarterly 
returns on mining stock against the return on the S&P 500 and the return on gold, 
they find that the coefficient of the return on gold is significantly greater than zero 
for all of the companies in the sample. Additionally, they perform an experiment in 
which they show empirically that the returns on mines with lower ore grade are 
greater for a given change in the price of gold. 

In this article, an elasticity is derived that relates the change in mining stock to 
the change in gold. The elasticity is shown to be a function of the level of gold prices, 
the quantity of proven reserves, the cost of mining, the value of nongold mining 
activities, and the amount of debt. The elasticity derived in this article provides a 
much more explicit explanation of the relationship between gold price and gold 
mining stock than that presented in the McDonald and Solnick paper. The model 
shows that the elasticity is an increasing function of the cost of production. This 
result is consistent with the empirical observations of McDonald and Solnick. In 
addition, the model suggests the hypotheses that the elasticity will be greater than 
1. This hypothesis is then tested. 


НІ: The stock price of firms engaged primarily іп gold mining will have 
a gold price elasticity greater than one. 


A Theory of Valuation for Gold Mining Stock 


The Value of a Gold Mine 


This section presents a model that supports H1. The following terms are used 
throughout the rest of the paper: 


V= The value of the gold mining company. The company is comprised of 
both gold related assets with value V, and nongold related assets with 
value Vg. The nongold related assets are assumed independent of the 
price of gold. 

Р, = the expected spot price of gold at time г. 
qı = the quantity of gold extracted (i.e., produced, refined, and available for 
sale) in period /. 
= The production plan, i.e., the set of all д. 
О = the total amount of ore to be mined (О = Xq,). 
= the cost of producing q, at time г. The cost is a function of the quantity 
mined during period т. Hence, С, = C,(q,). The function changes from 
period to period and is unique to each mine. 
n= the number of periods until the mine is exhausted. 

r= the market required risk adjusted discount rate for gold related cash- 

flows. 
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Assume the following: 


1. Тһе mining company is a price taker in both the gold markets and the financial 


markets. 


wr 


future spot prices.” 


The optimum production plan satisfies the condition q, > 0 for all т> n.! 
Assume that forward gold prices are the market’s unbiased expectations of 


4. The only costs associated with buying and holding gold is the opportunity 


cost of capital. 


5. The production plan does not change for small changes in the price of gold 


(i.e. 44/Ро = 0)? 


The value of the mining company is: 


v=, (Ра,— С)(1 + ry + Vag 


tl 


(1) 


That is the value of the mining company is equal to the present value of the cashflows 


from the mine plus the present value of the non-gold related assets (Иш). 


Let f; be the per ounce forward price of gold. Given assumption 4, a no arbitrage 
argument will produce the familiar carrying charge relationship f; = Po (1 + r)'.4 Then 
from assumption 3 we obtain Р, = f; = Po(1+7r)'.° Substituting into Equation 1 yields: 


V= aJa- Уса ++ 


tl 
The elasticity of V with respect to Pp is defined as: 


dv Po 
dP, V 


ey = 


The derivative of V with respect to Ро in Equation 2 is: 
аи ACG) 48, Oy 4 ун 
Р, -Zata y о 44, АР» (1+) 
tel 


Introducing assumption 5 into Equation (4) yields the following result: 


Finally, substituting Equation 5 into Equation 3 yields: 
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Poy a Poy, д, (6) 


ey=—>—_ = 


У Pa- CO ++ Vag 


Thus the condition Po È q; > V is both necessary and sufficient for ey > 1. This 
condition can be rewritten as: 


n n 

7 

Py Ș q> Po $, qi- С + Vag 9 
l l 


Where C* = у C,(q,)(1 + ғ)". From Equation 7 it can be seen that ey depends 
upon С“ and Vag. ІЕС" > Vag then ey > 1, and if С" < Vy, then ey < 1. 

Equation 7 suggests two interesting special cases. The first is a firm whose only 
assets are operating mines. Such a firm will have Vag = 0. Accordingly, ey for the 
firm will be greater than one . The second special case arises when the only assets 
the firm has is gold bullion. In this case both У, and C” are 0, and then as expected 
for such a firm ey = 1. 

Assumption 5 implies that dQ/dP = 0 . In other words, for small changes in Po, 
the total quantity of reserves do not change. However, when calculating reserves, 
mineral economists often assume that dQ/dP > О. If АО/АР» > 0, then the production 
plan {q,} will change and п may change as well. Thus assumption 5 does not hold. 
The impact will be that dV/dPo will be greater then if 20/4Ро = 0. Accordingly, the 
elasticity will be greater as well. In other words the first ‘=’ in Equation 6 becomes 
‘>’ and the elasticity presented in Equation 6 becomes the lower bound of the true 
elasticity. Since this paper is concerned whether or not the elasticity is greater than 
1, the assumption that dQ/dPp > 0 would not change the results of the paper. If the 
elasticity as derived in Equation 6 assuming dQ/dPp = 0 is greater than 1, then the 
true elasticity assuming dQ/dPp > © will also be greater than 1. 


The Return on Gold Mining Stock 


The market value of the mining company’s stock is S = V – D where D is the 
value of the company’s debt. Assuming that small price changes in gold have no 
impact on D then: 


dS _ dV 
ар ар (8) 
The point elasticity of 5 with respect to Р is given in Equation 9: 
Р 2,9 
сбб dP ар РУ ©) 


TS Р 4Р5 S 
The term after the first equality in Equation 9 is the instantaneous return on the 
stock for an instantaneous return on gold. The final equation is obtained by 


substituting from Equations 8 and 5. Observe that е; is equal to ey when S = V (i.e., 
no debt) and és is greater than ey when V> S. 
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Since S = V — D, Equation 9 can be rewritten as Equation 10 by substituting into 
the denominator from Equation 2: 


РУ 4, 


булсы кс a е 10 
i РУ а- У СК ++ У, – Р р, 


Equation 10 shows that the firm’s gold price elasticity is the market value of the 
gold reserves divided by the market value of the stock. Higher production costs and 
debt levels reduce the denominator of Equation 10 and are therefore associated with 
higher elasticities. On the other hand, higher levels of nongold assets (У, ,) increase 
the denominator of Equation 10 and are associated with lower elasticities. Equation 
10 indicates that companies with low levels of nongold assets will have an elasticity 
greater than 1. In other words, an investment in a gold mining company with few 
nongold related assets will result in a return greater (in absolute value) than the 
retum on an investment directly in gold. Thus, an investor desiring a levered play 
in gold price risk should choose a gold mining company with high production costs 
and few nonmine related assets. 

In this section we have shown that the return on gold mining stock is a function 
of the return on gold, the level of gold prices, production costs, gold reserves, 
financial leverage, and the amount of assets unrelated to mining. We have further 
shown that for companies whose assets are largely gold related the gold price 
elasticity of the companies’ stock will be greater than one. 


Empirical Tests 


Three separate empirical tests are presented. First, Equation 2 is tested to 
determine the extent to which cost per ounce, gold price, and total reserves explain 
the value of the firm. Next, the observed gold price elasticity of 23 gold mining 
companies are calculated and tested to determine if the elasticities are greater than 
one. Finally, a test is designed to account for market risk as well as gold price 
sensitivity. 


Data 


We identified 23 companies engaged in gold mining during the period 1981 
through 1990 for whom at least two years of data was available in the University of 
Chicago’s Center for Research in Securities Prices daily returns file (CRSP). The 
sample was comprised of companies whose primary business was the mining, 
beneficiation, and marketing of gold. Thus, companies for whom gold mining was 
a subordinate line of business were not included in the sample. Some companies 
were organized as holding companies which own a majority of the stock of a gold 
mining subsidiary. If both the parent holding company and the gold mining subsidi- 
ary are traded, then only the gold mining subsidiary was included in the sample.’ 

Daily gold price data for the period 1981 through 1990 was obtained from the 
New York Commodity Exchange (COMEX) Metals Data Statistical Yearbooks for 
those years. The COMEX quotes were the late morning quote compiled and 
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published by Handy and Harman. Since the CRSP returns file uses the last trade of 
the day (whenever that occurs), it is expected that the last trade often occurs just 
prior to the close of the market. Hence, there is a potential nonsynchronous data 
problem arising from the time disparity between the gold quotes and the stock price 
quotes. Because the time disparity problem is substantially worse for daily data than 
for monthly returns, this study uses monthly data.® 

Quantity of reserves Q were calculated from proven and probable reserves at 
operating mines and mines under development as obtained from annual reports. 
Monthly reserves estimates were generated by dividing the change between reserves 
reported at the end of each year by twelve and then adding that amount to the reserves 
from the previous month. The rational for the monthly ‘smoothing’ of reserves 
estimates over the year is as follows: Reserves are reported as of the end of the year 
in the annual report. However, reserves change continuously over time as they are 
mined, and as exploration changes the estimates of the reserves. The mining of the 
reserves cause the reserves to decline. The exploration involves drilling for and 
examining samples that ‘’prove” a level of reserves. Since both the mining and 
drilling are ongoing activities, a gradual monthly change over the year is more 
realistic than a discrete jump in reserves at the end of the fiscal year. In this article 
we have elected to use monthly returns rather than annual returns in order to make 
use of the additional information contained in the monthly price and returns data. 
We believe that any error introduced by the incremental changing of reserves is less 
then the error that would be present without the adjustment. In some cases, reserves 
data was available on a quarterly basis and the quarterly data was used when 
available. When new mines were acquired, the accompanying change in reserves 
were made at the time of the acquisition. 

Cash production costs per troy ounce were obtained from annual reports. When 
the average cash production cost per ounce was reported, that figure was used. When 
the average cash production cost was not reported, then it was estimated for each 
company by weighting the cash production cost per ounce at each of the company’s 
mines by the production at that mine, and then calculating a weighted average for 
the entire company. Changes in average cash production costs were distributed over 
the year in 12 equal increments in a manner similar to that for reserves. 


Test of the Valuation Model for Gold Mining Companies 


Equation 2 indicates that the value of a gold mining company is directly related 
to the price of gold and the total value of the reserves and inversely related to the 
present value of the cost of extracting the gold. This is tested using Equation 11. 


V,=Yo+ VP, + ү›О, + BC, (11) 
Where: У, = Market value of company’s stock plus total debt. V, is measured 
in $1 Million. 


Р, = The price of Gold (per Troy ounce) at the end of month /. 

C,= The cash production costs (in dollars per Troy ounce) estimated 
for month ¢. 

Q,= The proven and probable reserves (in 10,000 Troy ounces) 
estimated for month т. 
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Table 1. Test of the Valuation Model for Gold Mining 


Companies 
Number of Observations 857 
Parameter Estimate ‘Yo 73.092 (0.348) 
Parameter Estimate ү, 2.076 (3.887)! 
Parameter Estimate Yz 1.682 (25.646)! 
Parameter Estimate ү; -2.156 (-6.696)! 
F Statistic 453.762! 
Adjusted R? .613 


Notes: 1. Significant beyond the .01 level of significance. Parentheses contain f-statistics 
for the hypothesis that the parameter is equal to zero. 


Model tested is V; = Yo + ҮР, + ¥2Q + үзС, 


Where У, = Market value of company’s stock plus total debt. У, is measured in 
Millions. 


Р, = The price of Gold (per Troy ounce) at the end of month г. 


Q, = The proven and probable reserves estimated for month (in units of 
10,000 Troy ounces). 


С, = The cash production costs (in dollars per Troy ounce) estimated for 
month г. 


The White (1980) test rejected the hypothesis of homoskedasticity; therefore, t-sta- 
listics were calculated using the estimated asymptotic covariance matrix under the 
hypothesis of heteroscedasticity. For more details see the ACOV option in the Proc 
Reg statement of SAS. 


The test model in Equation 11 differs from the theoretical model provided in 
Equation 2 in two important features. First, Equation 2 calls for the present value 
of the total cost of extracting all of the gold from the mine. Since this information 
is not known, Equation 11 uses instead the historical cost per ounce estimates for 
the most recent year provided from information gleaned from the annual reports. 
Implicit in this substitution is the assumption that the most recent relative cost 
performance (i.e., relative to other producers) will continue until the reserves are 
exhausted. In other words, the current high cost producers will be high cost 
producers in the future as well (at least with regard to the mines currently in 
operation) and thus the total present value of all future costs will be greater for those 
firms with high current costs. Second, Equation 11 does not include nongold related 
assets Vag. This information is not available. However, the problem has been 
ameliorated to some extent by selecting only firms whose primary source of 
revenues is gold mining. These companies are expected to have relative smaller 
amounts of nongold related assets than would companies for whom gold mining is 
a minority (or secondary) source of revenues. Accordingly, the nongold related 
assets will play a smaller role in the valuation of these companies. 

The results of the OLS estimation of Equation 11 are provided in Table 1. The 
coefficients have the correct sign as predicted by Equation 2 and are all statistically 
significant beyond the .001 level of significance. The model has an F value of 453.76 
(significant beyond .001) and an adjusted R-squared of .613. Thus, despite the 
limitations discussed in the previous paragraph, the results indicate that Equation 
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11 explains a substantial amount of the variation in value across the firms during 
the time period of the study.? 


Test for the Observed Gold Price Elasticity of Gold Mining Stock 


Next we turn to the problem of estimating the actual observed elasticity during 
the period. This can be accomplished using Equation 12. 


Ri = Y + Yı Re (12) 


Where А; is the return on a share of stock, and Rg is the return on an investment in 
gold. Solving Equation 12 for ү and recognizing that the arc elasticity es is R/Rg 
shows that if Yo = 0 then y; is es. If Yo > 0, then ү < es. Thus if yo > 0 and y, > 1 then 
es > 1. The result of the regression of Equation 12 is presented in Table 2.'° 

The regression is performed for each stock individually and for all of the stocks 
combined. When Equation 12 is estimated for all of the companies over the entire 
time period, Y is significantly greater than 0 and y; is significantly greater than one. 
This indicates that the gold price elasticity for the entire sample is significantly 
greater than one as predicted.'! 


Market Risk and the Omitted Variable Problem 


Since all of the companies have assets unrelated to mining, it is likely that the 
stock’s returns will have a nonzero covariance with the market portfolio. If the return 
on the asset is correlated with the market return then the regression in Equation 12 
will be misspecified. Such a misspecification would cause the unexplained variation 
to be greater than if the correctly specified model were used and the coefficients 
would be biased if there is a correlation between the market and gold. The 
significantly positive intercept term reported in Table 2 suggests that there may be 
an omitted variable in Equation 12. 

Equation 13 is obtained from Equation 12 by adding the market return Ам as ап 
additional explanatory variable. 


Ri =Y + Vi Кє + ү Кы 13) 
Equation 14 is obtained by rearranging Equation 13: 
Yo Ru, _ (14) 


Notice that the relationship between yı and es depends upon the term Ry/Rg which 
is the elasticity of the market price with respect to the price of gold. This relationship 
can be determined by estimating the equation: 


Ry = 00+ Q Ко (15) 


The monthly return on the market was obtained by compounding the daily return 
on the value weighted CRSP index. We estimated Equation 15 for the 120 month 
period of the study and found that a, is insignificantly different from zero. Further- 
more, the R? for the regression was .000 and the F statistic was .0147 indicating the 
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model had no explanatory power.!? Thus since Ry and Rg are uncorrelated, then 
from Equation 14 if Y% = 0 then y, will be equal to es. 

When Equation 13 is estimated for all of the companies together, Yọ = -.001 
which is insignificantly different from zero, and yı = 1.426 which is significantly 
greater than one beyond the .001 level of significance. The adjusted R? for the 
regression is .349 and the F-statistic is also significant well beyond the .001 level. 
Each stock was tested individually. All 23 stocks have ay, significantly greater than 
zero. Twentytwo of the stocks have а ү, greater than 1. Fifteen of the stocks have a 
Yı Significantly greater than one, and 7 stocks have y; not significantly different from 
one. Only one of the 23 have a y, significantly less than one.!3 These results indicate 
that for the overall sample the price elasticity of the stock with respect to the price 
of gold is greater than 1. 

A potential source of bias in the tests presented above arises from commodity 
price hedging by the mining companies. Some of the mining companies buy and 
sell forward contracts on their production. This is accomplished in the organized 
futures markets, in the commodities options markets, by the use of gold loans, and 
in the over the counter forward markets for gold. This activity lowers the gold 
elasticity of the mining stock and will therefore lower the estimate of y,. The results 
indicate that the elasticity is greater than 1 despite these hedging activities. 


Summary and Conclusions 


Numerous authors in both the academic and the applied financial literature have 
argued that gold offers diversification opportunities superior to equity investments. 
They argue that gold is a particularly efficient hedge against inflation, political risk, 
and currency risk. One convenient way in which an investor can take a position in 
gold price risk is to invest in gold mining companies. An issue that has not been 
resolved either theoretically or empirically is the extent to which changes in gold 
price are reflected in the returns of gold mining stock. This paper examines this 
issue. The value of a gold mining firm is shown to be a function of the return on 
gold, production costs, the level of gold reserves, and the proportion of assets held 
by the firm that are unrelated to gold mining. Assuming that forward gold prices are 
the market’s unbiased expectations of future spot prices, a model is derived for 
estimating the theoretical gold elasticity of mining stock. The theoretical elasticity 
shows that if a company’s assets are comprised primarily of operating gold mines, 
then the return on an investment in the company will be greater than an investment 
in gold (1.е., the gold price elasticity of the mining stock is greater than 1). 

An empirical test is presented for the hypothesis that for companies primarily 
engaged in gold mining, the gold price elasticity of gold mining stock is greater than 
one. Using monthly data over the ten year period 1981 through 1990, the elasticity 
was estimated for a sample of 23 publicly traded gold mining stocks. For the entire 
sample together, the gold price elasticity is significantly greater than one with a 
t-statistic of 7.162. The evidence presents compelling support for the hypothesis 
that es > 1 for the firms in the sample. 
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10. 


11. 


Notes 


. А consequence of the assumption is that it implies that the firm does not shut down during the period [0,7]. 


Brennan and Schwartz (1985) show how the option to close (and then the option to reopen) a mine impacts 
the valuation of the mine. The model used in this paper does not account for the valuation effect of the options. 
However, Miller and Upton (1985) argued that for companies already in production, the option is a deep out 
of the money put option, and it’s impact on firm valuation is not substantial. This study examines mining 
companies already in production. 

This assumption is generally referred to as the expectations hypothesis of forward prices. It stands as the 
rational behind the use of forward and futures markets for price discovery. For an explanation of this hypothesis 
see Strong (1994, p. 204) and Chance (1991, pp. 10-11). 

The condition of production plan invariance to gold price is caused by friction costs associated with changing 
the production plan. Assuming that there are friction costs, then for very small changes in Ро the cost of 
changing the production plan will be greater than the cost of operating at the production level prior to the 
small change in Ро. Accordingly, there will be no change in the production plan. 

The no arbitrage argument can be found in most introductory Futures Textbooks. See for example Huil (1987, 
рр. 36-38) or Chance (1991, рр. 336-337). It uses an assumption of unrestricted short selling. Unlike 
agricultural commodities in which shortages can constrain short selling, there is an enormous worldwide 
supply of stored gold. Shortselling is accomplished through dealers and producers. 

This relationship between the current spot price of gold and the discounted expected future price of gold is 
known as Hotelling’s rule. 

Equation 5 can also be obtained by assuming that friction costs are zero and the production plan changes with 
very small changes in Py. The problem then becomes a constrained optimization problem in which V is 
maximized subject to the constraint Q = Хд. Using the Lagrangian multiplier method to find the first order 
conditions for the optimum and then substituting these conditions into Equation 4 yields the result in Equation 
5. A mathematical appendix that shows the process on a step by step basis is available from the authors. 
stock is not as high as that of gold bullion and coins. Rock (1988) asserts that”. . . mining stocks and the funds 
that invest in them are probably the worst way to buy gold” because of the non-gold price related risk associated 
with the mining stocks. Oechsle (1976), and Train (1978) also argue that gold stocks are not good alternative 
for investing in gold. These two issues are explored in this article. 

Three such holding companies were excluded from the sample. These were as follows: Newmont Gold 
Company was included in the sample but Newmont Mining was not, AMAX Gold Inc. was included, but 
AMAX Inc. was not; Freeport-McMoran Gold Company was included, but Freeport-McMoran Inc. was not. 
The rational for excluding the parent company is that parent company is not primarily a gold mining company 
while the subsidiary company is. 

The monthly returns were obtained by compounding the daily returns from the CRSP daily returns file. 

The Durbin-Watson statistic was generated for each of the companies in the sample. The null hypothesis of 
no serial correlation was rejected for only one company at the 5% level of significance.At the 1% level, the 
null hypothesis of homoscedasticity at the .05 level of significance; therefore, !-statistics were calculated using 
the estimated asymptotic covariance matrix under the hypothesis of heteroscedasticity. For more details see 
the ACOV option in the Proc Reg statement of SAS. 

Note that the results presented in Tables 2 and 3 are based on 1550 observations, while Table 1 has only 857 
observations. The different sample sizes arise because of the unavailability of information for some of the 
companies and dates. Tables 2 and 3 required only price information regarding the companies. Table 1 on the 
other hand required both reserves and cost data for the companies. Missing data is the only reason for the 
different sample sizes across the different tests. 

The White (1980) test detected heteroscedasticity (with a р value less than .05) in the combined sample, and 
in the subsamples for Dome Mines and Giant Yellowknife Mines Ltd. Therefore, the t-statistics for the 
coefficients for these were calculated using the estimated asymptotic covariance matrix under the hypothesis 
of heteroscedasticity. 


REVIEW OF FINANCIAL ECONOMICS, VOL. 4, NO. 2, 1995 


138 BLOSE and SHIEH 


12. Other studies have examined the correlation between gold returns and the market portfolio and have reported 
mixed results. Aggerwal and Soenen (1988) examined monthly returns from 1973 through 1982. Regressing 
the gold asset return against the market return, they found that the coefficient of the market return was positive 
but small. Tschoegl (28) examined monthly data over the period 1974 through 1977. He found that the 
coefficient of the market return was not significantly different from zero. Carter, Affleck-Graves, and Money 
(5) examined monthly data over the period May 1967 through 1982 and found that the coefficient of the market 
return was not significantly different from zero. 

13. The White (1980) test detected heteroscedasticity (with a p value less than .05) in the combined sample, and 
in the subsamples for Dome Mines and Giant Yellowknife Mines Ltd. Therefore, the t-statistics for the 
coefficients for these were calculated using the estimated asymptotic covariance matrix under the hypothesis 
of heteroscedasticity. 
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